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We report synthesis, structural details and electrical transport properties of topological 
insulator Bi2Te3. The single crystalline specimens of Bi2Te3 are obtained from high temperature 
(950˚C) melt and slow cooling (2˚C/hour). The resultant crystals were shiny, one piece (few cm) 
and of bright silver color. The Bi2Te3 crystal is found to be perfect with clear [00l] alignment. The 
powder XRD pattern being carried out on crushed crystals showed that Bi2Te3 crystallized in R3̅m 
symmetry with a = b = 4.3866(2) Å, c = 30.4978(13) Å and γ = 1200. The Bi position is refined to 
(0, 0, 0.4038 (9)) at Wyckoff position 6c and of Te are (0, 0, 0) at Wyckoff position 3a and at (0, 0, 
0.2039(8)) at 6c. Ambient pressure and low temperature (down to 2K) electrical transport 
measurements revealed metallic behavior. Magneto transport measurements under magnetic field 
showed huge non saturating magneto resistance (MR) reaching up to 250% at 2.5K and under 
50KOe field. Summarily, the short communication clearly demonstrates that Bi2Te3 topological 
insulator exhibit non-saturating large positive MR at low temperature of say below 10K. The non 
saturating MR is seen right up to room temperature albeit with much decreased magnitude.  Worth 
mentioning is the fact that these crystals are bulk in nature and hence the anomalous MR is clearly 
an intrinsic property and not due to the size effect as reported for nano-wires or thin films of the 
same.  
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INTRODUCTION  
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 Topological insulators (TI) are among the newest wonders in condensed matter.  In fact, the 
ongoing research on TI has attracted huge attention of condensed matter physics community in 
recent years [1-3]. Particularly, the insulating band gaps in the bulk, but the gap less high 
conductivity at surface or edge states had been of tremendous interest [4-7]. Basically, the spin of 
the electron gets locked with the momentum through spin orbit interaction [3]. The topological 
insulators had been the source of new exotic physics, whereby a band insulator exhibits good 
conductivity due the topological surface states and the role of the both spin and momentum is found 
be important [1-7].  
Interestingly, enough it was soon realized in early days itself that superconducting state can also be 
envisaged in a topological insulator and various proposals were put forward for accommodation of 
superconductivity in topological insulators [8-12]. Precisely echoing the fact the gap less 
surface/edge conducting states could eventually be the superconducting one as well [8]. Namely to 
cite a few superconductivity is reported in (Cu/Sr)x Bi2Se3 [13-16], Tl0.6Bi2Te3 [17], NbxBi2Se3 [18], 
and PdxBi2Te3 [19] etc.  
As far as the ground state pristine topological insulators i.e., Bi2Te3, Bi2Se3 and Bi2Sb3 etc 
are concerned, as mentioned above their conduction process is a matter of debate. Principally, 
because these conduct electricity on their surface via special surface electronic states, which in turn 
are topologically, protected i.e., these surfaces cannot be damaged by impurities. One of the most 
studied such topological insulator is Bi2Te3. Bi2Te3 is a layered topological insulator well known 
for its thermoelectric properties and used for several applications such as room- temperature power 
generation and refrigeration [20]. Also, Bi2Te3 is a narrow gap semiconductor with an indirect gap 
of approximately 0.15eV and has a strong spin-orbit interaction [21]. The strong spin orbit 
interaction gives rise to the inversion of the band structures around the Γ point of the Brillouin zone 
(BZ) analogous to the HgTe quantum wells and thus the topological insulating behavior [22]. On 
the other hand the presence of large bulk gap in Bi2Te3 makes it suitable for high- temperature 
spintronics applications [1-3]. Bi2Te3 possesses conductive surface state with clear presence of a 
Dirac cone in its electronic structure [23, 24]. Magneto resistivity of topological insulators is 
reported by various groups in single crystal nano-wires [25], thin films [26, 27], nano-ribbons [28] 
and doped crystals [29].   
Interestingly, because the topological insulators are suitable for spintronics applications, 
their magneto transport studies do become interesting and desirable. In fact, non saturating 
magneto-resistance (MR) is reported [25-29] in various TI at low temperatures below say 10K. 
However, the role of size (material size close to mean free path) say in case of nano-wires/ribbons 
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[25, 28] and of grain boundaries for thin films [26,27] may affect the intrinsic outcome.  On the 
other hand the role of doping in case of single crystals [29] and ensuing disorder could also limit the 
intrinsic outcome. Keeping in view the fact that magneto transport studies of TI are much desirable 
due to their spintronic nature and the necessity of the clean data on pristine single crystalline TI, 
here in this letter we report the same for pristine Bi2Te3 single crystal in applied field of up to 5 
Tesla and down to 2.5K.         
   
EXPERIMENTAL DETAILS  
 Sample of compositions Bi2Te3 was grown in single crystalline form by self flux from high 
temperature (950˚C) melt and slow cooling (2˚C /hour). Typically the nominal amounts of 4N pure 
Bi, and Ti are weighed accurately and mixed thoroughly with the help of mortar and pestle in an 
Argon filled Glove box. The obtained mixed powder was pressed into a rectangular pellet using the 
hydraulic press under an approximate pressure of 40Kg/cm
2 
and then vacuum sealed (10
-3
 Torr) in a 
quartz tube. The encapsulated quartz tube was then placed in a box furnace and heated to 950˚C 
(2˚C/min) and kept there for 12 hours. The furnace was then cooled slowly (2˚C/hour) to 650˚C, 
after which the furnace was allowed to cool down slowly to room temperature (2˚C/min).  The 
schematic diagram of heat treatment is given in Fig. 1(a). The sintered samples obtained were in the 
form of one piece single crystal, shiny and of bright silver color, see Fig. 1(b). The structural 
analysis for checking the phase purity was done through room temperature X-ray diffraction (XRD) 
using Rigaku X-ray diffractometer with Cu-Kα radiation (λ=1.5418 Å). The morphology and 
compositional analysis of the obtained single crystal is seen by scanning electron microscopy 
(SEM) images on a ZEISS-EVO MA-10 scanning electron microscope having coupled Energy 
Dispersive X-ray spectroscopy (EDAX). Raman spectra of bulk Bi2Te3 single crystal is taken at 
room temperature using the Renishaw Raman Spectrometer. The electrical transport measurements 
with and without magnetic field were carried out using Physical Property Measurement System 
(PPMS). 
 
RESULTS AND DISCUSSION  
The synthesized Bi2Te3 compound is crystallized in rhombohedral crystal structure with 
R3̅m (D5) space group. Also, the crystal structure belongs to the tetradymite group. The presence of 
rhombohedral structure confirms the topological insulator phase. The (00l) planes are clearly visible 
from the single crystal XRD pattern shown in Fig. 2(a), a piece of crystal used for surface XRD is 
shown in inset of Fig. 2(b). The obtained lattice parameters from the Rietveld refinement (Fig. 2b) 
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are a = 4.3866(2) Å, b = 4.3866(2) Å and c = 30.4978(13) Å whereas the values of α, β and γ are 
90˚, 90˚ and 120˚. These parameters are in general agreement with earlier reports. The positions of 
the Bi atoms was refined to Bi (0, 0, 0.4038(9)) at Wyckoff position 6c and the positions of Te 
atoms were (0, 0, 0) at Wyckoff position 3a and (0, 0, 0.2039(8)) at Wyckoff position 6c. Thus, all 
the positions refer to the hexagonal setting of the rhombohedral cell. The unit cell is drawn from the 
observed co-ordinate positions and the lattice parameters, which is shown in Fig. 2(c).  It is clear 
from Fig. 2(c) that the studied Bi2Te3 crystal exhibits a layered structure composed of quintuple 
layers (QLs) similar to the Bi2Se3 compound. Each quintuple layer contains five atomic layers 
arranged in Te-Bi-Te-Bi-Te fashion which are further bonded by ionic-covalent bonds. However, 
each quintuple layer is a reverse image of its adjacent quintuple layer and separated by weak van 
der Waals forces. The presence of van der Waals gap in between the quintuple layers makes the 
compound easily cleavable [1-3]. Also, intercalation of some doping materials into these van der 
Waals gap results in the achievement of superconductivity [13-19]. The layered structure of the 
synthesized compound is confirmed from the SEM images, to be discussed in next section.  
Typical scanning electron microscope (SEM) image for the obtained Bi2Te3 crystal is shown 
in Fig. 3. The image shows clearly the layered directional growth, which is evidenced by the 
surface XRD shown in Fig. 2(a). For quantitative elemental analysis the Energy Dispersive X-ray 
spectroscopy (EDAX) is done on a portion of the SEM image of crystal and the results are shown in 
insets of Fig. 3. It is clear from inset (a) that except the compositional constituents Bi and Te no 
other elements including surface contamination from C or O are seen. The quantitative weight% 
values of summed Bi and Te are shown in inset (b). The calculated formula of the crystal thus 
comes out to be close to Bi2Te3. Clearly, the SEM results shown in Fig. 3(a-c) do confirm that the 
Bi2Te3 crystal does grown in slab like layered structure along 00l direction and the composition of 
the crystal is close to the nominal i.e. Bi2Te3.  
Figure 4 illustrates the Raman spectra of bulk Bi2Te3 single crystal done at room 
temperature using the Renishaw Raman Spectrometer. Here, the spectra were examined using a 
laser source having excitation photon energy of 2.41eV (514nm). The measured spectral range is 
50–400 cm-1 and the spectral resolution is 0.5 cm−1 using the 2400 I/mm grating. Apparently, three 
different Raman vibrational modes namely A1g
1
, Eg
2 
and A1g
2
 are observed. The A1g
1 
and A1g
2 
vibrational modes are observed at about 60.74 cm
-1
 and 132.79 cm
-1
 respectively whereas, the Eg
2
 
appears at 102 cm
-1
 which are comparable to the earlier reported result [30]. 
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Fig. 5(a) depicts the resistivity versus temperature (ρ-T) plot for the studied Bi2Te3 crystal in 
temperature range of 300K down to 2.5K. The ρ-T behavior is metallic and the residual resistivity 
i.e., ρ at 0K is about 10µΩ-cm. The room temperature resistivity i.e., ρ (300K) is around 0.18mΩ-
cm. These values are comparable to those as being reported earlier for the bulk Bi2Te3 crystals. 
Apparently, the value of resistivity decreases with decreasing temperature from 300K. Thus, we can 
say that it has positive temperature coefficient value and the nature of the curve can be considered 
as metallic. Here, we can see that resistivity data follows the equation 𝜌=𝜌o+AT
2
 in a temperature 
range from 5K to 50K, which is hallmark of Fermi liquid behavior. The residual resistivity i.e. 𝜌 at 
0K by extrapolation comes out to be 0.0114 m𝛺-cm. Consequently, the value of residual resistivity 
ratio (ratio of resistivity at room temperature and at zero temperature) is estimated to be 15.6.  
Figure 5(b) shows the temperature dependent resistivity under different magnetic field in the 
temperature range from 5K to 50K. Clearly, external magnetic field enhances the value of 
resistivity. All the resistivity curves obey Fermi-liquid behavior as shown in figure 5(a). It is 
observed that the value of residual resistivity (𝜌0) increases from 0.0114 m𝛺-cm in zero field to 
0.2346 m𝛺-cm in 6 Tesla field. 
Topological insulators having huge magneto resistance (MR) plays an important role both in 
basic research as well as from application point of view [26]. The magneto resistance can be 
described as the tendency of a material to change the value of its electrical resistance in an 
externally applied magnetic field. Figure 5(c) shows the percentage change of magneto resistance 
(MR) with respect to applied magnetic field (up to 5Tesla) at different temperatures (from 2.5K to 
280K). Here, the value of MR is calculated using the equation MR = [𝜌(H)- 𝜌(0)]/ 𝜌(0). Fig. 5(c) 
clearly shows that the MR increases as the applied magnetic field increases but decreases with 
increase in temperature. For a maximum field of about 5Tesla, the approximate values of MR (%) 
are 250, 140, 115, 65 and 5 at a temperature of 2.5K, 5K, 10K, 50K and 280K respectively. From 
the above mentioned values one can clearly observe a large non saturating MR (%) value reaching 
up to 250% at 2.5K under an applied magnetic field of about 5Tesla and this value is in agreement 
to those as reported earlier [31]. Similar behavior i.e., origin of giant linear MR theory was 
proposed in case of doped silver chalcogenides by Abrikosov popularly known as the linear 
quantum MR theory [32]. However, the linearity of the MR is somewhat suppressed as the 
temperature is increased. 
Figure 5(d) shows the temperature dependent MR ((H) - (0)/ (0)) under different 
temperature. Clearly, MR data can be best fitted to power law dependence, / (0) B, shown as 
solid curve. Here, the value of  is closer to 1 in a temperature range from 2.5K to 50K. While, at 
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280K, the value of  is closer to 1.9, which implies non linear behavior of magneto-resistance, as 
shown in its inset.  
The well established Kohler’s rule is used to analyze temperature and field dependent 
magneto-resistance of many metals. Here, Kohler’s rule for a standard metal is defined as the 
variation in temperature dependent resistivity in an applied magnetic field obeying the functional 
relation /(0) =F(H/0), where 0 is the zero resistivity at given temperature [33].  For our Bi2Te3 
single crystal Kohler’s Plot is shown in Fig. 5(e).  Apparently, the curves at different temperatures 
are not merging on each other. Kohler’s rule says that plot of /o as a function of magnetic field 
at distinct temperatures should merge onto a single curve if there exist single type of charge carriers 
and the resulting scattering time under magnetic field is same at all points on the Fermi surface 
[33]. Here, the Kohler plot of the magneto-resistance of Bi2Te3 does not collapse onto a single 
curve, therefore we can say that it supports the multi-carriers scattering mechanism, alike quasi one 
dimensional chain containing compounds [34] and as well as other reports on topological insulators 
[1,2,35]. There are various suggestions about the transport mechanism in topological insulators 
including quantum transport [1,2].  
Summarily, we have synthesized quality single crystals of Bi2Te3 topological insulator, of 
which structural, micro-structural, Raman spectroscopy and electrical transport down to low 
temperatures (2.5K) under magnetic field (6Tesla) are reported. The as grown Bi2Te3 crystals are 
large enough (cm) in size, grown in c-direction and do exhibit anomalous non saturating high MR 
of above 250% at 2K under 6Tesla magnetic field. Worth mentioning is the fact that these crystals 
are bulk in nature and hence the anomalous MR is clearly an intrinsic property and not due to the 
size effects as reported for nano-wires or thin films of topological insulators [25-28].     
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FIGURE CAPTIONS  
Figure 1(a): Schematic diagram of heat treatment to grow bulk Bi2Te3 single crystal. 
Figure 1(b): Photograph of as grown Bi2Te3 single crystal. 
Figure 2(a): X-ray diffraction pattern for Bi2Te3 single crystal, inset shows the piece of as grown 
crystal.  
Figure 2(b): Rietveld fitted room temperature X-ray diffraction pattern for powder Bi2Te3 crystal. 
Figure 2(c): Unit cell structure of Bi2Te3 single crystal. 
Figure 3: Scanning electron microscopy image for Bi2Te3 single crystal. 
Figure 4: Raman Spectra for Bi2Te3 single crystal at room temperature. 
Figure 5(a): Temperature dependent electrical resistivity of Bi2Te3 in a temperature range of 300K 
to 2.5K. Red solid curve shows Fermi-liquid behavior fitted using equation 𝜌=𝜌o+AT
2
 
Figure 5(b): Temperature dependent electrical resistivity for Bi2Te3 single crystal under different 
applied magnetic field. 
Figure 5(c): MR (%) as a function of magnetic field for Bi2Te3 at different temperatures. 
Figure 5(d): Magnetic field dependent magneto-resistance at different temperatures. Solid lines are 
the fitting results using power law dependence. 
Figure 5(e): Kohler plot for Bi2Te3 in a field range from 0 to 5Tesla at several temperatures.  
8 
 
 
REFERENCES  
1. M. Z. Hasan and C. L. Kane, Rev. Mod. Phys. 82, 3045 (2010).  
2. Y. Ando, J. Phys. Soc. Jpn. 82, 102001 (2013).  
3. Y. Ando and L. Fu, Annu. Rev. Condens. Matter Phys. 6, 361 (2015).  
4. L. Fu, C.L. Kane and E.J. Mele, Phys. Rev. Lett. 98, 106803 (2007).  
5. J.E. Moore and L. Balents, Phys. Rev. B 75, 121306 (2007).  
6. X. Dai, T.L. Hughes, X.L. Qi, Z. Fang and S.C. Zhang, Phys. Rev. B 77, 125319 (2008).  
7. Y. Ando, J. Phys. Soc. Jpn. 82, 102001 (2013).  
8. A.P. Schnyder, S. Ryu, A. Furusaki, A.W.W. Ludwig, Phys. Rev. B. 78, 195125 (2008).  
9. X.-L. Qi, T.L. Hughes, S. Raghu, S.-C. Zhang, Phys. Rev. Lett. 102, 187001 (2009). 
10. F. Wilczek, Nat. Phys. 5, 614 (2009).  
11. M. Sato, Phys. Rev. B. 81, 220504 (2010).  
12. L. Linder, Y. Tanaka, T. Yokoyama, A. Subo, N. Nagaosa, Phys. Rev. Lett. 104, 067001 
(2010). 
13. Y.S. Hor, A.J. Williams, J.G. Checkelsky, P. Roushan, J. Seo, Q. Xu, H.W. Zandbergen, A. 
Yazdani, N.P. Ong and R.J. Cava,  Phys. Rev. Lett. 104, 057001 (2010). 
14. M. Kriener, K. Segawa, Z. Ren, S. Sasaki, and Y. Ando, Phys. Rev. Lett. 106, 127004 
(2011).  
15. Z. Liu, X. Yao, J. Shao, M. Zuo, L. Tan, C. Zhang, and Y. Zhang, J. Am. Chem. Soc. 137, 
10512 (2015).  
16. Shruti, V.K. Maurya, P. Neha, P. Srivastava, and S. Patnaik, Phys. Rev. B 92, 020506(R) 
(2015). 
17. Z. Wang, A.A. Taskin, T. Frolich, M. Barden and Y. Ando, Chem. Mater. 28, 779 (2016). 
18. B.J. Lawson, P. Corbae, G. Li, F. Yu, T. Asaba and C. Tinsman, Phys. Rev. B. 94, 041114 
(2016).  
19. Y.S. Hor, J.G. Checkelsky, D. Qu, N.P. Ong, and R.J. Cava, J. Phys. Chem. Solids 72, 572 
(2011). 
20. J.H. Goldsmid and RW Douglas, J. Appl. Phys. 5, 458 (2002). 
21. A.H. Li, M. Shahbazi, S.H. Zhou, G.X. Wang, C. Zhang, P. Jood, G. Peleckis, Y. Du, Z.X. 
Cheng, X.L. Wang and Y.K. Kuo, Thin Solid Films 518, e57 (2010). 
22. B. A Bernevig, T.L Hughes and S.C Zhang, Science 314, 1757 (2006). 
23. D. Hsieh et al Nature 460, 1101 (2009). 
9 
 
24. Y.Xia, D. Qian, D. Hsieh, L. Wray, A. Pal, H. Lin, A. Bansil, D. Grauer, Y. S. Hor, R. J. 
Cava and M. Z. Hasan, Nat Phys 5, 398 (2009).  
25. Wei Ning, Haifeng Du, Fengyu Kong, Jiyong Yang, Yuyan Han, Mingliang Tan, and 
Yuheng Zhang, Sc. Rep. 3, 1564 (2013). 
26. Z.H. Wang, L. Yang, X.J. Li, X.T. Zhao, H.L. Wang, Z.D. Zhang, and Xuan P.A. Gao, 
Nano Letters 14, 6510 (2014)  
27.  S.X. Zhang, R.D. McDonald, A. Shekhar, Z.X. Bi, Y. Li,  Q.X. Jia and S.T. Picraux, Appl. 
Phys. Lett. 101, 202403 (2012) 
28. Hao Tang, Dong Liang, Richard L.J. Qiu, and Xuan P.A. Gao, ACS Nano 5, 7510 (2011).   
29. Z.F. Wu, J. Sup. & Novel Mag. DOI 10.1007/s10948-016-3790-x (2016).  
30. K. M. F. Shahil, M. Z. Hossain, V. Goyal and A. A. Balandin J. Appl. Phys. 111, 054305 
(2012). 
31. Z. J. Yue, X. L. Wang and S.X. Dou, Appl. Phys. Lett.101, 152107 (2012). 
32. A. A. Abrikosov, Phys. Rev. B 58, 2788 (1998). 
33. A. P. Pippard, Magnetoresistance in metals (Cambridge University Press, Cambridge, 
England, 1993). 
34. X. Xu, W.H. Jiao, N. Zhou, Y. Guo, Y.K. Li, J. Dai, Z.Q. Lin, Y.J. Liu, Z. Zhu, X.Lu, H.Q. 
Yuan and, G. Cao, J. Phys. Cond. Matt. 27, 335701 (2015). 
35. S. M. Huang, S. H. Yu and M. Chou, J. Appl. Phys. 119, 245110 (2016). 
 
 
10 
 
Fig. 1(a)                                                    Fig. 1(b) 
6 h150 h 
12 h Hold
7.5 h
 
950
650
 
 
50
T
e
m
p
e
ra
tu
re
 (
o
C
)
Time (Hours)
Bi
2
Te
3
 Single Crystal
Heat Treatment
 
Fig. 2(a)                             Fig. 2(b)   
   
Fig. 2(c)       Fig. (3)  
 
 
 
 
 
                                                                         
 
 
10 20 30 40 50 60 70 80
 
In
te
n
si
ty
 (
a
.u
)
(degree)
Bi
2
Te
3
 Crystal Powder
11 
 
Fig. (4)         Fig. (5a) 
 
 
 
 
 
 
 
                                   
                        Fig. 5(b)        Fig. 5(c)  
 
 
 
 
 
                        
 
 
 
   
           
Fig. 5(d)                                                              Fig. 5(e) 
0 1 2 3 4 5
0
50
100
150
200
250
0 1 2 3 4 5
0
1
2
3
4
5
 
 
 
H (Tesla)


/

T = 280K
Bi
2
Te
3


/

H (Tesla)
280K
50K
10K
5K
 
2.5K
0 100 200 300 400
0.0
0.5
1.0
1.5
2.0
2.5
  
 


/

H/

esla/(mcm))
 2.5 K
 5 K
 10 K
 50 K
 280 K
Bi
2
Te
3
 
0 20 40 60
0.10
0.15
0.20
0.25
0.30
 
 

(
m

-c
m
)
T (K)
 0 T
 1 T
 2 T
 3 T
 4 T
 5 T
 6 T
Bi
2
Te
3
 Single Crystal 
50 100 150 200 250 300 350 400
In
te
n
si
ty
 (
a
.u
)
Raman shift (cm
-1
)
Bi
2
Te
3
514 nm 
A
1
1g A
2
1g
E
2
g
-4 -2 0 2 4 6
0
50
100
150
200
250
280K
50K
10K
5K
 
 
M
R
(%
)
H (Tesla)
2.5K
Bi
2
Te
3
50 100 150 200 250 300
0.00
0.05
0.10
0.15
0.20
T (K)

(
m

-c
m
)
 
 
Bi
2
Te
3
